Abstract: This article discusses the potential of introducing sustainability in the architectural design method so that building solutions can contribute to sustainable development. Sustainability has introduced a new pattern to the architecture practice, which involves important modifications in the teaching of architecture in what regards to the design methods to students but also practitioners, in order to provide more comfort for present and future generations. In the design phases of the architectural design, the subject of the three pillars of sustainability-economic, social and environmental factors-are not always considered by the architect in the decision-making process. The topic involves actions that will influence the overall performance of the building throughout its lifecycle. Sustainability has not been a priority in the training of the architect. The existing tools, Sustainability Assessment and Certification Systems, although adequate to evaluate the sustainability component of a building, do not prove to be the most appropriate tool to support architects during the design process. Therefore, the implementation and evaluation of strategies that integrate the sustainability principles need to be included in the early stages of the architectural design method. In addition to collecting data through literature review, a survey was conducted among 217 architects and architecture students in order to access the need for a tool that supports architects in the issue of sustainability. The results concluded that, although all the respondents agree about what concerns the implementation of sustainability principles in the architectural design method, only few respondents guarantee that these principles are implemented by means of a rigorous evaluation. Thus, the purpose of this paper is to identify a set of guidelines that can help architects to change the current approach of architectural practice towards more sustainable strategies in building design. This means the introduction, implementation and evaluation of sustainability principles in different phases of the architectural design method. The proposal stresses the main strategies that need to be considered in each phase of the architectural project and defines a level of recommendation in each guideline that allows the architect to evaluate the implementation of sustainability.
Introduction
The current state of global development poses new challenges to the architectural profession: it must transform and adapt itself in order to ensure a role with greater relevance in the search for effective sustainable solutions.
In this sense, it is important to understand the connection of the architect with the sustainable development, because his relationship with the design practice of the architect sustainability is introduced in the paradigm of architecture as a necessity that entails important modifications in the teaching of architecture as well as the design methods of students and practitioners in order to provide prosperity for present and future generations.
Over the last decades, it has been substantiated that the excessive consumption of natural resources surpasses their replacement time. This scenario is not viable to maintain a balance between the needs of human activities and their adaptation to the environment to guarantee future conditions of enjoyment for the upcoming generations. Since the construction industry is responsible for the exploitation of 50% of the world's natural resources [1, 2] it is also one of the sectors that could most contribute to the reduction of environmental impacts.
According to UNESCO and International Union of Architects (UIA), Charter for Architectural Education, " . . . architecture involves everything that influences the way in which the built environment is planned, designed, made, used, furnished, landscaped and maintained" and so " . . . architectural education constitutes some of the most significant environmental and professional challenges of the contemporary world" [3] .
It is expected that the construction sector will continue to grow in the next years as housing demand increases globally [4] . According to The Global Status Report 2017, over the next 40 years, the sector floor area of buildings will double, adding more than 230 billion square meters in new construction [5] . Therefore, it is important, as a global measure, to know how societies' development models can maximize sustainability in order to foster social, economic and technological progress with the efficient use of natural resources and energy. To achieve this goal, it is necessary to change the current approach of architectural practice towards more sustainable strategies in building design. This means that the practice of architects should be re-designed to accommodate a better understanding of the effects of climate change in a rapidly urbanization process and an economic crisis [6] .
Literature Review
The principle of sustainable development emerged as a response to the general panorama at the end of the 20th century, which was characterized by rapid industrial development and the considerable increase of the world population [7] that led to an uncontrolled exploitation of natural resources.
Since the 1970s, a set of international political agendas have been proposed, calling for cooperation between nations and the various sectors of human activities. The Brundtland Report has become one of the most important reflections on sustainable development since it allied the need for economic growth to environmental and social issues. Also called "Our Common Future", the Brundtland Report was released in 1987 by the World Commission on Environment and Development of United Nations and defined for the first time the concept of sustainable development as "( . . . ) development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [8] . The interpretation of Brundtland's definition suggests that to acknowledge the sustainable component of a building, it is important to consider the environmental, social and economic dimensions of sustainability.
In 1994, the concept of sustainable construction first appeared during the First International Conference on Sustainable Construction in Tampa, Florida, where different approaches were communicated towards a definition of sustainable construction. At the conference, Charles Kibert presented the concept of greater consensus for the sustainable construction sector, defining it as "the creation and operation of a healthy built environment based on ecological principles and resource efficiency" [9] , considering soil, materials, energy and water as the most important resources for construction. It is from these resources that architects need to establish the use of the following principles to a sustainable construction [10] :
• Minimization of resource consumption; • Reduction of maintenance necessities; • Recycling of materials at the end of the building life cycle; • Protection of natural systems and their function in all activities;
• Promotion of the quality of the built environment.
Throughout the building life cycle, sustainable construction presents multiple advantages. It has a positive impact on the environment through energy conservation, saving water and other resources, use of reusable, natural and local materials, reducing pollutant emissions, recycling life cycle waste of the constructions and increasing building durability [11, 12] . It also has positive social effects: guaranteeing users' health and comfort through indoor air quality and acoustics comfort, as well as accessibility, security and preservation of cultural heritage. Moreover, sustainable construction also provides economic benefits in the long-term.
The role of sustainable construction is also reinforced by Sustainability Assessment and Certification Systems that allow estimations of the level of efficiency and sustainability achieved by improving the quality and performance of buildings. These systems evaluate environmental, economic and social dimensions of sustainability and are greatly increasing the attention towards sustainable assessment of buildings [13] [14] [15] .
Even though sustainability assessment tools are valuable to verify if a building is sustainable, they are mostly developed to evaluate the construction only after it is built and are not suitable to assist architects in building design because they do not approach specific strategies to guide practitioners [16] [17] [18] [19] . Also, the possibility to reduce negative impacts of a building is greater in the design phase, when approximately 80% of the building consumption is defined [10] .
Since the decisions made during the design phase will influence the building's performance throughout the rest of its lifecycle, it is important that architects consider sustainability principles during the design process. This is possible through the linked and weighted implementation of preventive and passive strategies over active strategies [20] . Also, architectural professionals have an important role to future low energy in sustainable buildings, since it is in the design phase were the decisions take place [21] .
The implementation of such strategies can be aided by a tool that can support architects in the implementation of sustainability principles during the architectural design process [22] .
Architectural Design Methods
The design studio is the most effective architectural education and methodological training tool. The studio functions as a pedagogic constructor in which acquired knowledge and skills are applied in the design process through problem solving.
It is predicted that in the design studio the application of previous theoretical knowledge and the acculturation, which influences the definition of the concept, will allow the architect to find the solution to the problem.
Rapid development in the knowledge generated and the empowerment promoted, skills, methods and tools for the design domain have a direct impact on the way the activities are conducted in the studio [23] . It is important to consider the learning process of design in the studio as one that in its practice assumes a form of collaborative work and knowledge integration.
Architectural education must inspire creativity and innovation, but also dialogue, inclusivity and critical thinking to reinforce determination towards operative communication and team collaboration [24] .
It is very important that the education in architecture is sufficiently strong, so that the students acquire skills and competencies to deal with the sustainability issues in the future [18] [19] [20] [21] [22] [23] [24] [25] .
There are different perspectives on the architect's role in the process of creating and transforming spaces. On the other hand, the origin of ideas, decisions, values and selected references are attitudes depending on a personal understanding of the reality of all the principles of sustainability [26] .
In this paper we do not consider the activity of the architect who does not design but still has an administrative role in public activities.
Sustainable principles need to be consciously integrated into the architectural design method to establish a solid and coherent foundation for sustainability throughout the remaining life cycle of the building [10] . Architectural design methods must be studied in order to understand how they can adapt to the requirements of the present and the needs of the future.
In the field of architecture, there is a lack of a body of theory to support the study of architectural design methods [27, 28] . Thus, it is essential to review and reinterpret concepts from other fields of study. [29] [30] [31] [32] identify the following normative models, currently used in urban planning, as some of the most important: Synoptic or Rational Comprehensive, Incremental, Transactive and Advocatory. However, within the field of existing planning models, it is still fundamental to mention the Scientific Method that is widely used by architects. Table 1 , adapted from the work of [30] to fit the scope of architecture, compares the theoretical planning models regarding their relation to the promotion of sustainable development in architecture. It can be concluded that, although the models may contribute to the implementation of some strategies that promote sustainability, none of them reflect a direct tendency towards the aims of sustainable development. This in turn suggests that there is the need to analyze a new planning model, integrable in the architectural design method, which adheres to the framework of all the principles of sustainable development. 
+ usually well suited, (+) may be suited under certain condition, X no evidence, (−) may cause negative effects; -usually has negative effects. Source: [30] (adapted).
Architectural design methods require a simpler, flexible and inclusive planning model that provides a connection with the objectives of sustainable development and therefore anticipates the long-term effects of constructions in the environment.
Considering that the architectural design method complements at least four phases: program definition, feasibility study, preliminary design and detail design, each of these phases is implemented by a decision-making process which involves: analysis, synthesis, evaluation and decision [31, [33] [34] [35] ).
Ref. [36] consider the method as being a multidimensional construction of a more processual nature and identify indicators of academic engagement from a multilateral perspective as three stand points: behavioral, cognitive and affective.
Regarding architectural design methods, they contemplate sustainability issues, the phases of analysis and whether synthesis should be responsible for the implementation of sustainable principles, while the evaluation phase should validate the conformity of the hypotheses with the established principles ( Figure 1 ). As concluded by the developed survey, the evaluation phase is often empirical or non-existent among architects, which exposes the lack of a systemic assessment method with a theoretical basis that can guide architects during the assessment phase [37] . 
Key Indicators of Sustainability in Architectural Design
In order to measure the sustainability of the implemented solutions, key indicators must be identified. These indicators ensure that all principles and components of sustainability are systematically considered in the architectural design method. Although Sustainability Assessment and Certification Systems "are not originally designed to serve as design guidelines" (Ding, 2008:456) , it is possible to rely on these tools to identify key indicators that can measure the sustainability of various solutions during the design process.
Sustainability Assessment and Certification Systems are technical instruments that identify, predict and evaluate the environmental impact of buildings and then assign a level of certification related to the accomplishment of sustainability principles [14, 38] . The evaluation of most of these systems is based on the attribution of credits or points when certain parameters are met. These parameters are organized by categories and vary according to the assessment system. Each category is given a specific weight according to its importance in relation to the level of sustainability in construction. The sum of the various scores attributed to each category results in a graded classification for the sustainable performance of the building.
According to different studies [38, 39] that compare different assessment and certification systems, the categories that present the highest weights are the environmental loading, internal environment, external environmental impact and resources. In general, the areas most linked to the environmental component are more relevant compared to socioeconomic and political factors, planning and innovation.
The weightings of the systems are determined according to the degree of importance assigned to each of the categories of evaluation, and these are directly related to the situations of each country. Among the several systems, the energy efficiency requirement is consistently assigned a higher value as it is recognized as one of the most urgent needs. Great importance is also given to the nature of the materials, conservation of potable water and to parameters related to indoor environmental comfort such as visual, thermal and acoustic comfort as well as indoor air quality.
Based on these weightings and considering the architects' thinking-process in architectural design, the following five key sustainability indicators were selected: energy efficiency, potable water conservation, indoor air quality, acoustic comfort and project durability. These were considered the most representative and suitable to be integrated in the methodological framework of architectural design methods [40] .
By implementing strategies that contemplated the selected five key indicators, in all the phases of the architectural design method, other sustainability parameters could be determined, but also the sustainability of the project could be guaranteed.
Research Methodology
This research combines theoretical and empirical evidence, that is, establishment of a theoretical framework in order to ensure the adequacy on an empirical and holistic approach. The methodology has been defined to allow the understanding of the relationship of the design practice of the architect with the sustainability. In this way, the research adopts a sequence of four steps that enabled to 
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Research Methodology
This research combines theoretical and empirical evidence, that is, establishment of a theoretical framework in order to ensure the adequacy on an empirical and holistic approach. The methodology has been defined to allow the understanding of the relationship of the design practice of the architect with the sustainability. In this way, the research adopts a sequence of four steps that enabled to quantify the principal factors considered by architects and architecture students in introducing sustainability issue in the architectural design.
In its first step, the research was done at the level of the presuppositions for the understanding of the architect's knowledge of Sustainable Development and its relationship with the architect's design practice. The fact that architecture involves a huge number of relations between the natural and built environment as well as the social requirements of human activities, through which the main factors need to be identified for their efficient performance in design. To reach an understanding of the current state of the real necessities of architects and the advantages of existing system to help to implement the principles of sustainability in design, the research considered the definition of a list of indicators that can be representative of sustainable development applied to architecture design [10] . The second step of the research process has been a development of a survey to professional architects and architecture students from different countries and with different backgrounds, with the objective to create a framework of the skills they must have to deal with the subject of sustainability applied to design [41] . The third step was assessing the group of indicators related to sustainable principles that must be considered in all design processes conducted by the architects who participate in the fourth step of the research process with the proposal of guidelines to assist their practice.
This research resulted in the identification and formulation of a structure of design phases and a list of guidelines supported in a strategic thinking of architect to implement sustainability in design ( Figure 2 ).
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Survey
The actors involved in the design of architectural projects and the trainers of future architects need to collaborate and develop new and different teaching approaches that promote skills and competences for future professional practice. The requirement that sustainability introduces in the design process demands from the architect the ability to develop strategies and new guidelines for the project.
The opportunity for the architect to work with a multidisciplinary team requires new ways and means of communication. Engineers and architects possess such skills, however, most architects do not know how to restore to empirical tools or bypass the deeper approach without a visible result.
The opportunity to extend the set of principles introduced in the design process reduces the communication issues between architects and engineers, leading to new ways in which the more humanistic, philosophical and cultural approach to architecture is able to proceed towards the positivist attitude of the engineer where subjectivity is non-existent.
An online survey was conducted to assess architectural professionals and architecture students to analyze and understand their viewpoints and opinions about the necessities on the advantages of creating a system that can support architects in the implementation of sustainability principles in the design process [41] .
The developed survey yielded 217 responses and the statistical results are presented in Table  A1 . The survey and the number of questions are sufficient and sensibly effective to obtain data related to what issues are of importance and what architects do to deal with sustainability as well as what method they apply.
All the respondents (100%) considered that sustainability should be implemented in the architectural design process (Question 2), even though approximately 46% of them said that they evaluated the implementation of sustainability empirically and 30% of the respondents do not evaluate the sustainability component of their projects at all (Question 3). This indicates that a 
The developed survey yielded 217 responses and the statistical results are presented in Table A1 . The survey and the number of questions are sufficient and sensibly effective to obtain data related to what issues are of importance and what architects do to deal with sustainability as well as what method they apply.
All the respondents (100%) considered that sustainability should be implemented in the architectural design process (Question 2), even though approximately 46% of them said that they evaluated the implementation of sustainability empirically and 30% of the respondents do not evaluate the sustainability component of their projects at all (Question 3). This indicates that a systematic evaluation, with a theoretical foundation, is not part of most respondents' architectural design methods.
When asked if Sustainability Assessment and Certification Systems were adequate to support architects during the design phase (Question 4), only 26% of the respondents considered these factors appropriate, whereas most of the respondents (72%) did not know. When questioned about which of the methods was most effective to ensure the implementation of sustainability (Question 5), almost half (49.3%) stated that the Systematic methods with theoretical foundations adapted to architectural design process was the best one and approximately a third (31.8%) of them admitted not knowing. It is crucial to notice that, although 46% of the inquired said that they used an Empirical Method to evaluate the implementation of sustainability, only 3% considered it the most suitable method.
To provide respondents with the opportunity to express additional opinion, one optional open-ended question enabled them to write any comments related to what they consider necessary for developing guidelines for a sustainable project.
Overall, it can be understood that, although all the respondents agree that sustainability principles should be implemented in the architectural design process, only few respondents guarantee that these principles are implemented by means of a rigorous evaluation. This, in turn, highlights the need for a system that supports architects in guaranteeing sustainability as an integral part of architectural design method.
Guidelines to Sustainable Architecture Design
Implementing sustainability into architectural design methods requires sustainability principles to be considered from the beginning of the design process [42] . In order to assist architects in selecting the best strategies and verify their alignment with the aims of sustainability, guidelines for a sustainable project have been developed. These guidelines were determined from the previously selected key indicators of sustainability [43] .
An integrated approach to sustainability leads to a design solution where the technical aspects are inserted into the design process. In the sketching phase, the project becomes better defined and the indoor environmental conditions and the energy frame of the building are starting to become determined by the design [44] . This decision is also important for the level of comfort, and for a quality working environment for future users. From an economic point of view, the operating costs can be reduced to a minimum when the climate screen of the building considers passive strategies, thus, saving energy for cooling and heating, and the passive ventilation principles employed also reduce energy consumptions.
Therefore, it is important that the design process takes into account the passive strategies in different phases of the operative process:
Analysis-site analysis (history, architecture, genius loci, green structures, infrastructure, equipment and facilities in the area and the social structure of inhabitants). Comfort analysis (based on CR 1752). Climate analysis (solar data and calculations of altitude and azimuth, temperature, rainfall, humidity, prevalent wind). Regulation analysis of legislative demands (building codes and municipality documents).
Sketching-Site plan. Solar simulations of site plan in order to identify shadows from buildings and other volumes. Green roofs to save rain water and influence the level of humidity. Daylight levels in the middle of the buildings and glare risk. Identify the U-values to the site and uses requirement (insulation thickness). Simulation of heating and cooling load. Ventilation passive strategies (natural ventilation, dimension and placement of windows). Atriums in relation to entrance area in the dwellings. Open floor plans. Construction system (structure). Physical models or virtual models to help to understand the scale and shape.
Synthesis-Ventilation passive strategies (natural ventilation, dimension and placement of windows). Calculation of the heating and cooling load. Selection of interior materials based on space acoustic performance. Criteria selection of materials based on Life Cycle Assessment (LCA) balance.
Calculation of a structural detail (timber, iron or concrete). Calculation of minimal ventilation rate and the opening area of the windows to maximize the result. Physical models or virtual models.
All of these different parameters were integrated in the design process at various stages as tools rather than obstacles. These principles need to be understood as a natural part of the design process.
In this context, the proposed guidelines summarize and evaluate the main strategies and principles that need to be integrated throughout various design methods phases to ensure that sustainability principles are considered in the architectural design process [45] . Each guideline was given a recommendation level, outlined in Table A2 , to specify the degree of importance of implementing each strategy. Moreover, additional specifications for certain guidelines have been included for further explanations or suggestions where necessary.
Each strategy has been integrated into one of the four phases of the architectural design method according to its level of detail. However, the presented guidelines admit multiple interactions and feedback loops between various design phases according to the thinking process of each architect.
If possible, the architect should always prioritize the implementation of passive strategies. In addition, the final decisions concerning the implementations of each strategy must be treated responsibly and adapted to the context of the site.
The structure of the proposed guidelines is presented in Table 2 and the guidelines can be found in the Table A2 and Supplementary Materials. 
I. Program and Data Collection
The program is the starting point of any architecture project, when the general requirements of the overall design are defined. To guarantee the sustainability of the project, the architect should consider the bioclimatic characteristics of the site [46] [47] [48] as well as the best energy efficiency strategies and the possibility for potable water conservation. Impermeabilized areas should be minimized and adapted to the profile and number of users, functions of the future building and typology of spaces in order to reduce damage in ecosystems and natural resources. It is also important to estimate internal consumption and needs of the future building and to study other significant criteria concerning social, cultural and economic context.
II. Feasibility Study
The feasibility phase is crucial to ensure energy efficiency, since it determines how the building is formally integrated in the surrounding environment. Issues such as orientation and form, determined in this phase, will have a huge impact on the energy performance of the building in the operation phase. Therefore, it is important to prioritize daylighting, natural ventilation and passive design solutions for heating and cooling, using mass, landscaping and design to work with topography and climate [46, 47, 49] .
III. Preliminary Design
In the preliminary design phase, the design team experiments with internal layout, dimensioning of areas and heights, and elements regarding the envelope of the building as opening elements and shading systems. These decisions are key determinants for the energy efficiency of the building.
Active strategies for heating and cooling systems, powered by renewable resources, should also be addressed so that such systems can form an integral part of the building and the use of prefabrication [50] .
IV. Detail Design
In the detail design phase, final considerations are decided regarding the layout and dimension of interior spaces. Materials and finishing materials, water fixtures, electrical equipment and artificial lighting are selected. This phase is still very important for the implementation of sustainability since these strategies will have a great impact on acoustic comfort, indoor air quality, energy efficiency and durability of the building. Moreover, water fixtures choice will impact potable water conservation [51] .
The previous guideline structure defines a contribution for a more sustainable solution of architecture design, that can be achieved through management of many principles that should be considered and integrated in the project by the creation of more holistic approach [52] .
The results show that there will be a positive impact on this relevant theme about guidelines on sustainable design architecture.
Conclusions
Sustainability can be understood as a set of ethical values based on social, environmental and economic responsibility. Through these values, it is possible to reach sustainable development, which, should urgently emerge to replace the current development model of societies.
The practice of architecture is a driver to achieve sustainable development, yet most architects do not address this issue in their projects. The study of architectural design methods reveals the need for a new, simpler, multidisciplinary model that implements sustainability within the design process. An evaluation of the sustainability component in the design process who is often nonexistent among architects or it lacks a systematic and theoretically based evaluation methods. This understanding highlights the results of the survey where almost half (49.3%) of the survey respondents stated that the Systematic methods with theoretical foundations adapted to architectural design process was the best one even though approximately a third (31.8%) of them admitted not knowing.
In response to this need, an evaluation system was developed, formalized in guidelines, which were structured according to the phases of the architectural design process. These guidelines inform architects of the main strategies required to achieve sustainability goals as well as to optimize the design process.
The guidelines are also suitable for determining whether a building contributes for sustainable development.
Furthermore, the aim to raise awareness regarding the sustainability in the field of architecture still very rarely implemented. Thus, the proposed system suggests a transition from a theoretical concept to one that can be practiced and conducted to the implementation of a more sustainable architecture design with strategies and tools in practice, and with support from informative guidelines built for architects and other technics and stakeholders.
The guidelines raise several possibilities for future developments and adaptations by the architects. They can evolve into an interactive model in the form of a checklist, which helps to reduce the error and the risk in the decision phase. In addition, the content of the guidelines could be further developed and expanded to include other sustainability indicators more focused on the social and economic dimensions of sustainability.
Another outcome would be the computerization of the developed tool or its incorporation in a 3D design software for architecture. This would allow the design team to more accurately evaluate the implementation of sustainability principles while developing technical drawings and visualizations. Such evaluations would not only include the assessment of energy performance of a building, as it is already done by several software programs, but also other key indicators of sustainability.
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Appendix A Table A1 . Statistics of respondents.
Clarify your professional situation:
Answer Ratio
Architecture student. 32.3% Architect and is responsible for designing projects.
37.3% Architect and collaborates in the design of projects.
22.1% Architect but does not practice the profession.
8.3%
2. Do you think that the concept of sustainability should be contemplated during architecture design process?
Answer Ratio
Yes. 100% No. 0%
3. How do you evaluate the implementation of sustainability in your projects during the design process?
Answer Ratio I evaluate empirically. 45.6% I use an evaluation system developed by me or my team.
13.8% I use commercial evaluation systems (i.e., LiderA, LEED, BREEAM, CASBEE).
7.8% I do not evaluate.
30.0% Other.
2.8% 
Open answers 97.0% Table A2 . Levels of Recommendations for Guidelines for a sustainable project.
Levels of Recommendations
Is recommended Should be considered May be considered
